C hitinases (3.2.1.14) are enzymes, the main function of which is to degrade chitin. Mammalian chitinases belong to the glycosyl hydrolase 18 family (GH-18) and are characterized by both endochitinase activity (that is, they cleave randomly chitin polymer into oligosaccharides of varying lengths) and exochitinase activity (they cleave off N-acetylglucosamine monosaccharide from the end of chitin polymer) [1] . It is believed that the ability of mammalian chitinases to degrade chitin-containing pathogens such as intracellular parasites, fungi, chitin-containing microorganisms, etc., is their primary biological function. Human chitinase was first discovered owing to its ability to hydrolyze chitotriosidase substrates that determined its name chitotriosidase (chIT1) [1] .
Chitotriosidase gene chIT1 (OMIM 600031.0001) localized on chromosome 1q32.1 contains 11 exons and spans about 14000 bp of genomic DNA encoding a protein of 466 amino acids [2] . At present, several genetic variants that cause a deficiency in chitotriosidase activity have been described. Duplication of 24-bp (dup24bp) in exon 10 of the gene (rs3831317) is the most common among the European population [3] . This duplication causes aberrant splicing and a deletion of amino acids 344-372, resulting in a complete loss of enzymatic activity of the gene product. It has been shown that individuals who have a pronounced deficiency in chitotriosidase activity are characterized by increased susceptibility to chitin-containing pathogens such as Wuchereria bancroftifilarial, Plasmodium falciparum malaria, cryptococcus neoformans and Candida albicans [4] . chIT1 is mainly produced by activated macrophages [1] . Taking into account that chIT1 is the most active in macrophages, it has been shown that hyper production of the enzyme occurs upon various chronic inflammatory processes such as atherosclerosis, idiopathic juvenile rheumatoid arthritis, inflammatory intestinal disorders, granulomatous and fibrotic interstitial lung diseases and others [5] [6] [7] [8] . A significant increase in chitotriosidase activity is also observed upon some lysosomal storage diseases (LSDs), which are inherited metabolic disorders doi: http://dx.doi.org/10.15407/ubj88.01.069
caused by defective functioning of specific lysosomal hydrolases and accompanied by the accumulation of undegraded intracellular metabolites [9] .
To date, more than 50 LSDs have been described, which altogether occur with an incidence of about 1:5000 of live births [9] . Despite the differences in nature of the accumulated substances upon different LSDs, there are many common features in the pathogenesis of these diseases [10] . The immune response to chronic accumulation of undegraded substrates leads to the development of chronic inflammation accompanied by the macrophages activation and increased secretion by these cells of large amounts of various inflammatory mediators, including chitotriosidase [11] .
Thus, an increase in the chitotriosidase activity upon some LSDs is a secondary biomarker used in a diagnostic protocol, in parallel with detection of the primary biochemical defect, that is, the determination of the activity of the corresponding lysosomal enzyme in the blood cells, as well as for monitoring the efficacy of a specific therapy [12] . However, the presence of dup24bp in the chIT1 gene of LSDs patients, on the one hand, can complicate the diagnostic process resulting in incorrect diagnosis and, on the other hand, can make it impossible to use chitotriosidase activity as a biomarker for monitoring the efficacy of enzyme replacement therapy. This problem is of particular importance due to rather high frequency of dup24bp in the European population [4, [12] [13] [14] [15] [16] [17] [18] .
The aim of our study was to evaluate the possibility of using chitotriosidase activity as an additional biomarker for the diagnosis of LSDs in Ukraine by determining this parameter in blood plasma of the patients with various lysosomal diseases and effect of dup24bp in the chIT1 gene on this parameter.
materials and methods
Plasma and whole peripheral blood of patients with confirmed LSDs (190 persons) and healthy donors (622 persons) with no LSDs were used in the study. The written informed consent was obtained from each participant after the nature of the study had been fully explained. Among the volunteers were representatives from all regions of Ukraine that allowed us to consider the obtained results as a characteristic for the entire population of Ukraine.
Chitotriosidase activity in plasma was evaluated by degradation of the fluorogenic substrate.
As a substrate, 22 µM of 4-methylumbellife ronetriacetylchitotriazide (Sigma, USA) in citrate-phosphate buffer (pH 5.2) was used. The reaction mixture contained 5 µl of plasma and 100 µl of substrate. Incubation of samples was carried out at 37 °C for 1 h. Reaction was terminated by adding 1.0 ml of 0.25 M NaOH-glycine buffer (pH 10.4). Calibration was carried out using a series of dilutions of standard 500 µM 4-methylumbelliferone (4-MU) solution (Sigma, USA). 4-MU fluorescence was measured at excitation wavelength 365 nm and emission wavelength 448 nm with fluorometer Victor (WallacOy). The results were expressed as nmol 4-MU/h ml of plasma. Samples with chitotriosidase activity more than 100 nmol of 4-MU/h·ml plasma were restudied [19] . For this purpose, plasma was 50-fold diluted with 0.2% human serum albumin (HSA) and incubated with substrate for 15 min.
DNA was isolated from peripheral whole blood obtained with EDTA using DNA-sorb-V kit (Central Research Institute of Epidemiology, MOH, Russia). The quality of DNA samples was evaluated by measuring absorbance at 260 nm with a spectrophotometer Specord-40 (AnalytikJena AG). DNA samples were stored at 4 °C. Dup24bp in 10 exon of the chIT1 gene was determined by PCR method as described in [20] . Standard mixture for amplification and primers such as 5′-AGCTATCTGAAGCA-GAAG-3′ and R 5′-GGAGAAGCCGGCAAAGTC-3′ were used for reaction. The amplification conditions were the following: denaturation step for 10 min at 94 °C, 41 cycles: for 30 sec at 94 °C, for 30 sec at 51 °C, for 30 sec at 72 °C and prolonged annealing for 5 min at 72 °C. Such reaction allowed identifying the allele with duplication (fragment 99 bp), heterozygotes (fragments 75 bp and 99 bp) and wild-type allele (fragment 75 bp). Visualization was performed in 3% agarose gel by staining with ethidium bromide.
Statistical analysis of the obtained results on chitotriosidase activity was performed using MS Excel spreadsheets. Normality of the data distribution was assessed by χ 2 criterion and KolmogorovSmirnov test. For the patients with Gaucher disease, heterozygous for the duplication, Yates correction was applied due to the smaller amount of data -7 persons. Taking into account that all mentioned parameters had been normally distributed, the standard Student's t-test was used to assess the significance of differences between these groups.
results and discussion
Taking into account the high frequency of dup24bp in the chIT1 gene in European countries [4, [12] [13] [14] [15] [16] [17] [18] , its prevalence among the population of Ukraine was assessed by screening of this genetic variant in 622 voluntary donors. In 362 individuals (58.2%) dup24bp in the CHIT1 gene was not detected; in 197 persons (31.7%) the duplications were found in the heterozygous state and in 63 persons (10.1%) -in the homozygous state. The overall allele frequency of dup24bp in the CHIT1 gene in the population of Ukraine was 0.26 (323/1244).
Thus, considering the high probability of dup24bp in the chIT1 gene in the population of Ukraine, chIT1 genotype was determined obligatorily during the further study of chitotriosidase activity in patients with LSDs to avoid the influence of hereditary deficiency on this parameter.
Chitotriosidase activity in healthy individuals with no dup24bp in the chIT1 gene ranged from 3.3 to 81.0 nmol 4-MU/h ml of plasma; in the patients with one copy of active CHIT1 gene this parameter ranged from 0.9 to 24.3 nmol 4-MU/h ml of plasma, and in the patients with genotype dup24bp/ dup24bp -from 0 to 1.3 nmol 4-MU/h·ml of plasma (Fig. 1) . Data analysis of chitotriosidase activity in healthy individuals considering their genotype showed that the average activity of the enzyme in homozygotes for the wild-type allele (allele N) chIT1 gene reliably differ from the activity of the enzyme in homozygotes for dup24bp and heterozygote carriers of this duplication (P < 0.05).
Thus, analyzing chitotriosidase activity in blood plasma of the LSDs patients, it was assumed that the increased activity was the activity, which exceeded 53 nmol 4-MU/h·ml of plasma in case of the absence of dup24bp in the chIT1 gene (95 th percentile).
Assessment of chitotriosidase activity in the blood plasma of the patients from Ukraine with confirmed clinically and biochemically LSDs was carried out (Table 1) . A nosological diagnosis of LSDs was based on the evaluating of the primary biochemical defect, namely, the deficiency of activity of the corresponding lysosomal enzyme in leukocyte homogenates. Taking into account the abundance of deficient variant of the chIT1 gene in Ukrainian Fig. 1 population, a genotype for that gene was also determined in all patients with LSDs to avoid the influence of hereditary deficiency of chitotriosidase activity on the results.
It should be noted that there was no increase in chitotriosidase activity in the patients with mucopolysaccharidosis, oligossaccharidosis and mucolipidosis upon confirmed absence of dup24bp in the chIT1 gene. There was also no increase in the activity in the patients with type II ceroid lipofuscinosis and Pompe disease.
The largest increase in chitotriosidase activity in plasma was observed in the patients with Gaucher disease. This feature has been well described and widely used as an additional biomarker in diagnostics of the disease and in monitoring the efficacy of specific therapy [12] . In the examined patients with Gaucher disease, chitotriosidase activity in plasma exceeded the average values by 100-400-fold compared to healthy persons, that is significantly higher than at any other LSDs. However, hereditary deficiency of chitotriosidase activity should be taken into account in case of application of this biomarker for primary diagnosis of Gaucher diseases.
It can be seen (Fig. 2 ) that among the examined 56 patients with Gaucher disease, complete absence of chitotriosidase activity has been observed in three persons owing to deficient variant of the chIT1 gene, and in the patients with dup24bp in heterozygous state, chitotriosidase activity reliably differed from the activity in homozygote wild-type allele
Fig. 2. Distribution of the values of chitotriasidase activity in blood plasma of the patients with type 1 Goucher disease accordingly to the CHIT1-genotype: N/N -homozygous for wild-type allele; dup24bp/N -heterozygote carrier of duplication; dup24bp/dup24bp -homozygous for duplication
(P < 0.05). The total allele frequency of dup24bp in the chIT1 gene in the patients with Gaucher disease in Ukraine was 0.12 (13/112).
Taking into account that a significant increase in chitotriosidase activity is an additional specific diagnostic marker of this disease, along with the primary biochemical defect (leukocyte glucocerebrosidase deficiency), the absence of this activity can lead to misinterpretation of the biochemical data and false-negative diagnosis of Gaucher disease.
Besides the patients with Gaucher disease, all patients with Niemen-Pick disease A/B and C as well as majority of the patients with GM1-gangliosidosis also had an increased chitotriosidase activity, although not as significant as in case of Gaucher disea se (Fig. 3) . Two patients with GM1-gangliosidosis, who did not have an increased chitotriosidase activi ty, had dup24bp in both alleles of the chIT1 gene, i.e. a hereditary deficiency of this enzyme.
It should be noted that the average values of chitotriosidase activity in the patients with Gaucher disease, GM1-gangliosidosis, Niemen-Pick disease A/B and C, and with confirmed absence of dup24bp significantly differ from the values of chitotriosidase activity in healthy individuals (P < 0.05). Reference ranges of the activity in these groups of patients did not overlap with ranges in the controls, except the patients with Krabbe disease. A slight increase in chitotriosidase activity was found only in two of eight patients with Krabbe disease, whilst the remaining six patients had a normal activity of chitotriosidase upon confirmed absence of dup24bp in the chIT1 gene. This led to a disruption of the normal distribution and to the absence of reliable differences between the values obtained for this group of patients and a control group of healthy individuals (P > 0.05). 
Fig. 3. Distribution of the values of chitotriosidase activity in blood plasma of the patients with LSDs who have no dup24bp in the CHIT1 gene
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Chitotriosidase activity, Thus, the use of this feature as an additional diagnostic biomarker for the diagnosis of Krabbe disease is considered to be inappropriate. Thus, chitotriosidase activity in plasma can serve as an additional convenient biomarker in the diagnostics of mentioned above LSDs in Ukraine on condition of obligatory test of the absence of hereditary deficiency of this enzyme.
The LSDs pathogenesis is based on the accumulation of undegraded components in cells that leads to the development of a chronic inflammation as a result of activation of the immune system [11] . According to modern concepts, the LSDs pathogene-sis is a cascade of biochemical and cellular reactions in response to an intracellular accumulation of undegraded substrates. The contribution of different reactions to the development of the pathological process upon various LSDs differs greatly and depends on the type and toxicity of the accumulated substrate [10] . A common feature of the diseases, for which an increased chitotriosidase activity in blood plasma has been shown, is the defective macrophage function and tissue infiltration by macrophages resulting in the visceral organs failure.
Thus, an increased chitotriosidase activity has been found to be a result of a pathological process induced by accumulation of undegraded substrate in activated macrophages, so this marker can be an indicative feature of the severity of the pathological process in patient. These data resulted in the recom mendations of the International Collaborative Gaucher Group (ICGG) on the use of chitotriosidase activity in blood plasma as a biomarker for the identifying of the patients with Gaucher disease and monitoring the efficacy of enzyme replacement thera py [12] . However, genetic variations in the chIT1 gene, which significantly affect the activity of the enzyme, complicate the diagnosis of Gaucher disease and other LSDs and make it impossible to use this biomarker for monitoring of the patientscarriers of these genetic variants.
In our study the frequency of dup24bp in the chIT1 gene, which significantly affect the chitotriosidase activity, has been analyzed. It has been shown that the obtained frequency of homozygotes upon dup24bp in the chIT1 gene in the Ukrainian population was higher than the frequency of this genetic variant in other European populations (Table 2).
It is known that genetic drift is the main factor causing fluctuation of allelic distribution [16] . This occurs in a random manner however it may lead to the removal of mutant genotypes from the population during an uncertain period of time. In small and limited populations, this process occurs faster, since each random event affects the overall allele distribution more significantly. Therefore, it is possible that in African and other populations the mutant chIT1 genotype has been lost during this process. Furthermore, genetic drift in West Africa can be enhanced by migration of African population to Europe and Asia. [16] Other researchers suggested that the low allele frequency of dup24bp in some regions is associated with a high prevalence of parasitic diseases and other chitin-containing pathogens responsible [15] for the presence of population selection for this variant of the chIT1 gene. High level of parasite invasion in African population and selection towards the need for high chitotriosidase activity explains an almost complete absence of duplication in the chIT1 gene in the population of this continent [4] . Further researches on the cause of the high frequency of hereditary deficiency of chitotriosidase activity among the population of Ukraine are required. Thus, the high frequency of dup24bp in the chIT1 gene among the population of Ukraine makes the screening of this genetic variant an important stage of the diagnostic protocol to identify patients with LSDs. Furthermore, it should be noted that 4.6% of the patients with Gaucher disease in Ukraine have a hereditary deficiency of chitotriosidase activity, which makes it impossible to use this biomarker to monitor the efficacy of enzyme replacement therapy in these patients and requires the use of other indicators.
Thus, the obtained data enable us to draw some conclusions, namely:
-chitotriosidase activity in blood plasma is a convenient additional biochemical marker in the diagnosis of some LSDs, such as Gaucher disease, Niemann-Pick disease A/B and C, GM1-gangliosidosis;
-reference intervals of normal chitotriosidase activity in the blood plasma of the population of Ukraine ranged from 8.1 to 53.1 nmol 4-MU/h·ml of plasma; -total allele frequency of dup24bp in the chIT1 gene among the population of Ukraine was 0.26 (323/1244) that is higher than the frequency of this genetic variant in other European populations; the total frequency of the allele dup24bp in the chIT1 gene in the patients with Gaucher disease from Ukraine was 0.12 (13/112); -molecular-genetic screening of dup24bp in the chIT1 gene is a necessary step in the laboratory diagnosis of Gaucher disease, Niemann-Pick disease A/B, C and GM1-gangliosidosis to avoid an incorrect diagnosis of these diseases in Ukraine;
-for the patients with Gaucher disease who have dup24bp in the chIT1 gene, the use of other biomarkers to monitor the efficacy of enzyme replacement therapy is required. Описано кілька генетичних варіантів, що призводять до дефіциту хітотріозидазної активності, але найрозповсюдженішим се-ред європейських популяцій є дуплікація 24 п.н. (dup24bp) в 10-му екзоні гена chIT1, яка спричинює повну втрату ензиматичної активності продукту гена. Метою робо-ти було оцінити можливість використання хітотріозидазної активності як додаткового біомаркера в діагностиці лізосомних хвороб накопичення (ЛХН) в Україні, визначити цей показник у плазмі крові пацієнтів із різними лізосомними захворюваннями та оцінити вплив на нього наявності dup24bp в гені chIT. Показа-но, що хітотріозидазна активність плазми крові є зручним додатковим біохімічним маркером у комплексній діагностиці окремих ЛХН, а саме хвороби Гоше, хвороби Німанна-Піка А,В,С та GM1-гангліозидозу. Визначено референсні межі нормальної хітотріозидазної активності в плазмі крові населення України, які становлять 8,0-53,1 нмоль 4-метилумбеліферону/год·мл плазми, у той саме час сумарна частота алеля dup24bp в гені chIT1 становить 0,26 (323/1244), що вище за частоту цього генетичного варіанта в інших європейських популяціях. Зазначено, що моле-кулярно-генетичний скринінг dup24bp в гені chIT1 є необхідним етапом протоколу лабора-торного діагностування хвороби Гоше, хвороби Німанна-Піка А,В,С та GM1-гангліозидозу для уникнення хибної діагностики цих захворю-вань.
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